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$UDLOZD\WXUQRXWLVDPXVWKDYHVWUXFWXUHLQUDLOZD\FRUULGRUZKRVHFURVVLQJLPSDUWVDVLJQLILFDQWGLVFRQWLQXLW\LQ
WKHUDLOUXQQLQJVXUIDFH+LJKGHPDQGLQUDLOZD\RSHUDWLRQWKHUDLOZD\RSHUDWRUVKDYHWRLQFUHDVHWKHD[OHORDGWUDIILF
GHQVLW\DQGVSHHGRI WKHRSHUDWLRQV>@7KHG\QDPLFZKHHOUDLO LQWHUDFWLRQRQVXFKLPSHUIHFWFRQWDFW WUDQVIHUFDQ
FDXVHGHWULPHQWDOLPSDFWORDGVRQUDLOZD\WUDFNDQGLWVFRPSRQHQWV>@7KHUHIRUHWXUQRXWVWHQGWREHRQHRIWKHPRVW
YXOQHUDEOHSDUWVRIUDLOZD\
7XUQRXW3HUIRUPDQFH&ULWHULD
Turnout characteristics:(DFKWXUQRXW LVGHVLJQHGLQGLYLGXDOO\ WKURXJKXQLTXHVLWXDWLRQ ORFDWLRQDQGDOLJQPHQW
FRQVLGHUDWLRQV7KHVHOHDGWRD ODUJHUDQJHRIGLYHUVLW\ LQW\SHDQGIXQFWLRQRIHDFKURXWHDQGSXUSRVHRI WXUQRXW
GLUHFWLRQRIGLYHUJLQJURXWHIURPFXUYDWXUHRIWKURXJKURXWHVXSHUHOHYDWLRQWKURXJKRXWWXUQRXWWUDLOLQJRUIDFLQJ
SRLQWRSHUDWLRQDQGVSHHGUDQJHDQGRWKHUWUDFNLQJRUULGHTXDOLW\VLWXDWLRQV$VDUHVXOWWKHFKDUDFWHULVWLFVRIWXUQRXWV
YDU\YDVWO\
Age of turnout components: 7KHSHUIRUPDQFHRIFRPSRQHQWVJHQHUDOO\FKDQJHVDFFRUGLQJWRDQH[SRQHQWLDOUHODWLRQ
EHWZHHQUDLODJHDQGFXPXODWLYHWRQQDJHRQWKHUDLO>@
Traffic load: ,W FDQEH H[SHFWHG WKDW WKHUH LV DQ H[SOLFLW FRUUHODWLRQEHWZHHQ WKH FDOFXODWLRQRIKD]DUG UDWHV RI
GLIIHUHQWIDLOXUHVDQGWUDIILFGHQVLW\
Environmental conditions: DVDUHVXOWRIVHYHUHZHDWKHUDQGH[WUHPHWHPSHUDWXUHIXQFWLRQVRIFRPSRQHQWUDLOZD\
FRPSRQHQWVDUHGHJUDGHGPRUHTXLFNO\WKDQXVXDO
Proper maintenance strategies:DJRRGSUDFWLFHRIWXUQRXWPDLQWHQDQFHSURYLGHVWKDWWKHV\VWHPKDVDORQJHUOLIH
VSDQ2WKHUZLVHWKHIUHTXHQF\RIIDLOXUHUDWHVRIWKHV\VWHPLQHYLWDEO\LQFUHDVHV
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WHPSHUDWXUH RI WKH (DUWK
V DWPRVSKHUH DQG LWV RFHDQV KDYH EHHQ LGHQWLILHG 7KH FKDQJHV DUH H[SHFWHG WR VKRZ
WKHPVHOYHVWKURXJKWKHLQWHQVLW\DQGIUHTXHQF\RIH[WUHPHZHDWKHUSDWWHUQVVXFKDVKLJKWHPSHUDWXUHZDYHVIORRGV
DQGVWRUPWLGHV7KHUHIRUHWKHDVVRFLDWHGSRWHQWLDOHIIHFWVHJWHPSHUDWXUHSUHFLSLWDWLRQVHDOHYHODQGZDWHUOHYHOV
RI FOLPDWH FKDQJH DQG H[WUHPHZHDWKHU RQ FRPSRQHQWV RI WXUQRXW FRPSRQHQWV FRXOG EH RQH RI WKHPRVW FUXFLDO
FRQVLGHUDWLRQWRUDLOZD\RSHUDWLRQZLWKLQWKH\HDUVDKHDG
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EXFNOH LV ZHOONQRZQ SKHQRPHQRQ GHYHORSHG E\ ODWHUDO IRUFHV IRUPHG WKURXJK UDLOZD\ WUDFNV H[SRVHG WR KLJK
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ZHDWKHUFRQGLWLRQV$VDUHVXOWWKHUHVHHPVWREHDUHODWLRQEHWZHHQRFFXUUHQFHRIGHUDLOPHQWDQGZHDWKHUFRQGLWLRQV
$QRWKHUDVSHFWRIUHVXOWVLVVKRZQWREHWKDWZHDWKHUUHODWHGUHDVRQVIRUGHUDLOPHQWDWWXUQRXWVDFFRXQWVIRUQHDUO\
RQHILIWKRIWKHHQWLUHGHUDLOPHQWV7KLVLVRSHQWRGLVFXVVLRQDVGDWDH[SUHVVHVRQO\SULPDU\UHDVRQV7KHUHIRUHD
UHODWLRQVKLSFRXOGEHDYDLODEOHEHWZHHQFRPSRQHQWIDLOXUHVDQGFOLPDWHSDWWHUQV
$FFRUGLQJWR7DEOHLWLVKDUGWRSRLQWRXWDFRUUHODWLRQEHWZHHQFOLPDWHDQGFRPSRQHQWIDLOXUHV+RZHYHUVZLWFK
ZRUQ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PLJKWEHVDLGWREHIUDJLOHRIH[WUHPHWHPSHUDWXUHVWREHZRUQRUEURNHQ7KHWHPSHUDWXUHLQZLQWHU
VHDVRQLQ,OOLQRLVLVRIWHQVHHQWREHPLQXV]HURZKHUHDVLWUHDFKHVDERYH&LQ-XQH,QWKHVHPRQWKVWKHQXPEHU
RIGHUDLOPHQWVUHODWHGEURNHQRUZRUQVZLWFKWHQGVWRLQFUHDVH6LPLODUO\DOEHLWQRWEHLQJDVFOHDUDV7ERWK7
GDPDJHGVZLWFKDQG7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VZLWFKSRLQWJDSSHGKDYHDVLPLODUWUHQG7KHUHIRUHLWFDQEHSRLQWHGRXWWKDWPRVW
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5HFRUGHGFDXVHV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)ORRG0:LQG0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5RDGEHGVHWWOHGRUVRIW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:DVKRXWUDLQVOLGHIORRGVQRZLFHGDPDJHWRUDLO77UDFNDOLJQPHQW
LUUHJXODUHJEXFNOLQJVXQNLQN
Á5HFRUGHGFDXVHV7JXDUGUDLOIDLOXUHV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VZLWFK
GDPDJHGRURXWRIDGMXVWPHQW7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7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6ZLWFKSRLQWJDSSHGEHWZHHQVZLWFKSRLQWDQGVWRFNUDLO72WKHUIURJVZLWFKDQGWUDFNDSSOLDQFHGHIHFWV
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,WLVUHFRUGHGWKDWWKHUHKDYHEHHQGHUDLOPHQWFDVHVZLWKLQWKHSHULRG7KHGLVWULEXWLRQRIWKHVHFDVHVE\IDLOXUH
FRGHVLVVKRZLQ)LJXUH7KHLUUHJXODULW\LQWUDFNJHRPHWU\RIWXUQRXWV7GRPLQDWHVGHUDLOPHQWFDVHVLQVXPPHU
ZKLOHVQRZLFHPXGJUDYHOHWFRQWUDFN0RXWQXPEHUVWKHRWKHUVLQZLQWHUE\DOPRVWIRXUWRRQH7KHVHWZR
PLJKW EH LQ D FORVH UHODWLRQ WR WHPSHUDWXUHV DV LW LV NQRZQ WKDW WKH ERWK RFFXU SURYLGLQJ WKDW FULWLFDO EXFNOLQJ
WHPSHUDWXUHLVH[FHHGDQGWKHWHPSHUDWXUHVLVHQRXJKORZWRKDSSHQPDQ\FDXVHVRI0

  
 


 









1
XP
EH
UR
I'
HU
DL
OP
HQ
WD
W7
XU
QR
XW
V
-DQ )HE 0DU $SU 0D\ -XQH
-XO\ $XJ 6HSW 2FW 1RY 'HF









           








F P
P
WHPSHUDWXUHVF SUHFLSLWDWLRQPP
1258   Serdar Dindar et al. /  Procedia Engineering  161 ( 2016 )  1254 – 1259 

)LJXUH7KHQXPEHURIGHUDLOPHQWDWWXUQRXWVE\IDLOXUHFRGHVUHODWHGWRZHDWKHU
$QDO\VLQJWKH&OLPDWH5HODWHG)DLOXUHV
)UHTXHQF\RIIDLOXUH W\SHV LVFDWHJRULVHG LQ7DEOH%HIRUHFDOFXODWLQJULVNDULVLQJIURPLGHQWLILHG LQSUHYLRXV
VHFWLRQLWVKRXOGEHNQRZQKRZELJDFDWDVWURSKLFUHVXOWLVPDGHE\DQDFFLGHQWFDXVH7DEOHKHOSVXVWRXQGHUVWDQG
WKHLUUHVXOWVLQWHUPVRIFRVW7KHYDOXHVRQWKHWDEOHVWDQGIRUFRVWRIDYHUDJHHDFKFDVHRIIDLOXUHV
7DEOH7KHOLNHOLKRRGRIIDLOXUHFDWHJRULVHGE\ZHDWKHUHYHQWV 
)UHTXHQF\RI
)DLOXUH
/RZ7HPSHUDWXUH
&
+LJK7HPSHUDWXUH
&
&HUWDLQ 07 77
/LNHO\ 7 7
8QOLNHO\ 077 7
,PSUREDEOH 7 0
7DEOH$YHUDJHRI&RVWRID'HUDLOPHQWE\$FFLGHQW&DXVH&RGHV
&RGHV $YHUDJH&RVW

&RGHV $YHUDJH&RVW

0  7 
0  7 
0  7 
7  7 
7  7 

7KHUHIRUHULVNVRIWKHDFFLGHQWFRGHVFDQEHUDWHGFRQVLGHULQJWKHLUSUREDELOLWLHVE\7DEOHDQGLPSDFWVE\7DEOH
7KHULVNLHVWDFFLGHQWFRGHVHHPV WREH7IROORZHGE\07DQG7&RQVLGHULQJKXJH LPSDFWVRI
00DQG7WKHVHKDVEHHQLQFOXGHGLQWKHDQDO\VLV+RZHYHUWKHLUOLNHOLKRRGRIKDSSHQLQJLVTXLWHUDUH
RULPSUREDEOH$VDUHVXOWERWK0DQG7LQGXFHVPHGLXPULVNRQGHUDLOPHQWZKLFKPLJKWPRYHIRUZDUGLQWR
WKHULVNPDQDJHPHQWSURFHVV+RZHYHU0LVGHWHUPLQHGWRIDOOLQWRQHJOLJLEOHFDWHJRU\7KHUHVWUHPDLQLQWKH
ZDWFKOLVWLQULVNPDQDJHPHQWSURFHVV
&RQFOXVLRQV
7KHSDSHULQYHVWLJDWHVDQGDQDO\VLVULVNDULVLQJIURPQDWXUDOKD]DUGULVNVRQUDLOZD\WXUQRXWV\VWHPVRI
GHUDLOPHQWUHODWHGUHFRUGVDUHHYDOXDWHGWRUHDFKDFRQFOXVLRQ,WLVKLJKO\OLNHO\WRH[SUHVVWKHUHLVDWRXJKUHODWLRQ
EHWZHHQQDWXUDOKD]DUGVDQGSRWHQWLDOULVNDWWXUQRXWV
,WLVIRXQGRXWWKDWWXUQRXWJHRPHWU\LVTXLWHYXOQHUDEOHWRKLJKWHPSHUDWXUHZKLFKUHVXOWVLQKLJKFRVWGHPDQGLQJ
WRIL[LVVXHV2QWKHRWKHUKDQGDOPRVWHDFKPHFKDQLFDOHOHPHQWRIDVZLWFKVKRXOGEHPRYHGIRUZDUGLQWRWKHULVN
:LQWHU
6SULQJ
6XPPHU
)DOO






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
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PDQDJHPHQWSURFHVVWRPLQLPL]HSRWHQWLDOIDLOXUHVSDUWLFXODUO\LQZLQWHUDQGVXPPHUVHDVRQV5RDGEHGVHWWOHPHQW
LFHDQGVQRZRQUDLOH[WUHPHZHDWKHUFRQGLWLRQVVXFKDVIORRGDQGVWURQJZLQGDOVRFDOOIRULPPHGLDWHDFWLRQRUULVN
PDQDJHPHQWVWUDWHJLHVDVZHOO)XUWKHUUHVHDUFKZLOOWDNHLQWRFRQVLGHUDWLRQWKHRWKHUFKDUDFWHULVWLFVRIWXUQRXWVVXFK
DVDJHW\SHWUDIILFGHQVLW\DVSRLQWHGRXWLQVHFWLRQ7KLVPLJKWUHVXOWLQEHWWHUXQGHUVWDQGLQJRIWKHUHODWLRQVKLS
$FNQRZOHGJHPHQWV
7KHILUVWDXWKRULVJUDWHIXOWR7XUNLVK*RYHUQPHQWIRUKLV3K'VFKRODUVKLS7KHDXWKRUVDUHVLQFHUHO\JUDWHIXOWR
(XURSHDQ&RPPLVVLRQIRUWKHILQDQFLDOVSRQVRUVKLSRI+0DULH6NORGRZVND&XULH$FWLRQV5,6(3URMHFW1R
³5,6(15DLO,QIUDVWUXFWXUH6\VWHPV(QJLQHHULQJ1HWZRUN´ZKLFKHQDEOHVDJOREDOUHVHDUFKQHWZRUNWKDW
WDFNOHVWKHJUDQGFKDOOHQJHLQUDLOZD\LQIUDVWUXFWXUHUHVLOLHQFHDQGDGYDQFHGVHQVLQJ

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